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CHAPTER I
GEQLOGIC FORMATIONS AND GROUND WATER OCCURRENCEY
IH NORTHERN MEW CASTLE COUNTY

II-1. INTROEAICTION

Since the purpose of this study is concerned pri-

marily with the hydrolopic factors of sanitary landfill

S Pt e m e,y

L L T R DL L L

operauzon affeeting pground water contnmznat;on, no att rmpt

S

has been mnde o “treat the geolopie Tar  rente ot thp atudy

}rea in detail. A hrief description of regional geology
‘jL given in this chanter to comnrehend the occurrence,
yielding ability, and wnser 0 e 0t w0 s ane af thp roo-
logic formations in northern Hew 2an: N PRI 1.} -
meters are significant hydrogeological factors for a seni~

tary landfill operation.

IT-2, GEOLOGIC REGIONS

The land mass of northern ‘Tew Cactle County lies

in two major ceologic orovinces -~ thn ¢ ol Plain and
the Piedmont, The gedimentary derogs b whe Coastnl
Plain are rertly dioning sands, ¢lav: .4 gravels which 027968
extends benrath the ocean. Inlan! "r w the Coastal Plain
18
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CHAPTZR V
EXPERIMERTA] STUDY OF TYBOUTS CORMER SANITARY LANDFILL

Val, PROJECY “ouRATION CONDTTTONS

In lovember 1068, the Denartment of Public Works,
New Castle County selected Tybouts Corner, the intersection

of U, 5. Routen 13 and 301 ~s showm by Fimure 12, as a new

gite for sanitery Landfill to manage thelr municinal refuse

dilsnosal nroblens,

To nrntect aaninst msround wnter contamination, the

winiversity +° Delaware hns been gansirred %o evaluate the
ghar~e of wnser manlity and ity e're ST aeeey
cured by the 1andfill omeration in that nren and its

vaeinity.

Since the Tybouts Cormer smnitary landfill onera-
%30 ¢ 'arted in December 1960, weelly sammles have been
cciles '@ v the Universcity of Delownre %o evalunte the

Al v change affecteé hy landfitt aneration,
Thirte:  moomd water ohnervation welie - ' I, D, galva-
nivet 1 a cinng with Jdohntion rhninWH/ el drive pointe

werp Am e anout 10 o 9N £ hevow b rround water table
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located »nver the area., Their locations nre shown in

/‘\Finure 1.

In addition, samnles were collected from wells of
residences nlong U,S, Highway 13 ai the northeast corner
adjacent to the léndfill. Purthermore, surfnce water
semnles from Pigeon Run and Red Tion Creck were also collect-

ed for analyses, Samnle points are marked on Pipure 12,

In remard to the hydromeolomic asnect of landfill
operation, Tybouts Commer hns no conflict in mrincinles as

stated in previous chanpters. . The site consists of a south~

[u— S s s ot g 8 S

west drqzned tononr wnhy wlth A ranae in clcva»mon of 45 ft

v T R St ST
[o—

to 75 £t abovc mean sea level. The direction of ground

e - woew

(:QWPter ﬂovenent baneath the site is also nouthwesu where it

o mcmna
Bt

dmséKH;F;s 1nto Piﬂeon Run, & trmbutarv of ihe north branch

o ——

of the ﬁcd L;on Oreex.

 Surface Arpinase was very noo“ bofore landfill -

m—— ow. m— s e e S LTI

project started, However, unon comnleulon pf the filllnP

R

PUNIB0e e pma 1 1O+ Gra

oneratlon 1n 1973, the grounﬁ nurfnce of the area 1s aug-

A r B

nested to be contoured as Pimure 13 to nrohnblt 1nundavzon

- P et

by any exterral surfnce water, :

Uinconnolidated nonmﬂrwno “rntnoonhu soﬂimﬂnts of

" e e

Potonhc Formﬂumon uﬂdnr11n 1h rite with 'hn Po]umoln

b

Formation lying on it, On the biois o7 lwelve berinni,

o | 027971
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,4pich were made during the initial site investigation to

identify soils conditions, A soil nrofile is prepared a®

Figure 14 for(reference. The nredominant soil type is &
hrovm inormanic silty clay with poorly nmraded gravel whieh

is nonsticky and slimhtly plastic when Axy.

V-2, RIFUSE PLACERENT

The fi11inz of Tybouts Comer sanitary lendfill
benan in Decembar 1969 and vAs planned to serminate by the
end of 1973, AL the refuse nlaced in the area originntes
in the residentinl districts of the adjoining communities
of northern New Cnstle County. The refusne is primarily

_domestic refuse congisting of mawer, graso marden trim-
{

Y

“'mings, garbage and miscellaneous inert material,

The aren method for oanitary 1andfill with howi=
zontal commachion Lo used, At the end of each day's opera
tion, the refuse is usually covered w1th approximately si®

inches of so0il.

To start the lendfilling nrocess, the tulldozer

overators cut the orinﬁpal surface dowvn to the final fill-

U s
denth, nbous 2 £t or more ahove the water vnblp and 0X-
' ' —_ )J.. l"f(\\

pose a working surfnee. Retuap ic dumpad 11 nlagn, and the

operators &nr oad nné comannt it avonly % naturl moi ntaren
content. An the pefuga ronshe’ an nlevasion ahout 2 £%

027973
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below the finished grnde, a loyer of soil is out over 4t ne

’

#~ final cover, Bvergreen seedings are ovlanned to be planted
throughout the area finally,  -fun'” Gl

. v
P .

V-3, VWATER LEVEL NEASUREMENT

Wnter table relief is mainly demendent unon the
nermeability of the material throush which recharme occurs
or throush which the around water is movinms., A ground water

hipgh may exict becaune of A loss mermenhle hed creating a

i

steener sradient., In genernl, the more nermemble the V//

materinl, the Tlatter the confimiration of the wnter table

will be,

Ground water under the study nrea is wnder water
oy
‘”Qtnble conditions, eferrine to *imire 14, the mround water

level varies from 5 ¥t to 15 £% below the oriminal surface,

Tts nverage slone is nbout 0,00%, ‘ith this slone, it is
¢
obviou!.thnt the mRterinla in the siudy arer have a medium

lov nermeability.

In ordrr %o annraximnte bath the denth and the
nosnible Jimits of the flucturtion of the water tahble be-

neath the senitarv landfill, the tren?s of the water table

of three ohnerrvation wells, fnr which enamlete records had
heen kent over the neriod of rindy, are nlotted ns Fimure

25, In obearvatinn wellr D=2 nnd P-7, wnier Tovels wero

027974
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recorded after the landfill onerntion was finished, and

observation well P-9 wng rocorded under » natural undisturb-
. ed condition, Ay examining the trends of the woier table

shovm on Pipure 15, it is appmarent that water levels rise

gradually from Januwary to May,  This reflects the seasonal

effect of surinm recharse in all three wells,

To nredict the nermenbility and other narameters of
the atudy areh under the established hydraulic sradients,
a pumoing test wae scheduled to he carriced out before the
end of July 1970, the termination of %the contract which
the writer was enpared with the University of Delaware ag
a research fellow., AlL the field set-un was ready for the
tﬁjte?t on July 13, 1970 but the teat could not be completed
due to the fact thnt the mumm which was Mmished by Walton

Cornoration was incanable of lifting water after the draw-

dovmn reached 26,70 ft,

lowever, referring to the Soil Tiahoratory Repart

bgjpgacaﬂmnmxnggglggl_zgc., we ¢an conclude

et im e sy bR Py

that the coefflclent of permonbllmﬁv of the stuﬁv aArea

JereTe PR TP
o

are fanrlv 1ow nnﬂ it is not ernecﬁed to ﬂevelon a ann1~

flcnnt flow thromrh th1 tﬁrnnl. mnh1p VI nrnsents the

eyt iwe avmen
-
Von smmeait wiane

“test resultn of rocff1c1nnf n® normeabiliYy Yo clarify the
consistency of the waterial LH?ﬂu*hnnh e otudy area.

The tests were mun-wikth A eonrtryd hend from remoulded,

027978
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TABLE VI~-Permeability Test For Tybouts Corner Sanitary
Landfill

LR -

Hole Mo, ! Denth in ft. Permeability (X)
| L em/sec (20°C)
: | 5 2.1 % 1077
Bl 11 - 5 T 5,2 x 1077
! 7-11 1.7 x 1078

-1 0.8 x 1077
7= 9 SN NS Lot

=1 1.9 x 107
| 1 ‘1.4 2070
BEEVEY: 5.3 x 1070

1w tmpen 1o e s bam

compacted, snlit nmoen, jar snmnles, The Boring Holes, BH,
are shovn ng Pimire 14,

b2
V=4, CHENICAL QUALITY BVATUATION

To ascertain if there is any annrecieble chonge in
ouality of ground wnter down sradient’ from the landfill,

‘; Progress Renort of Vater Ouality Investiration at the

- s

1, Tybouts Corner Snnitary-Landfill-nrenpred.by Civil Engineer~
Al

igg;&an&zﬁmgnjamﬂniyﬁraixymoﬁ—ﬂé%awanp, nresents dnta of the |
chemical test results neriodically with datailed discuasion.
The chemical narameters analyzed hy the Environmental TLabora-
tory are listed in Table YI1. feferrin~ 4o the nhove
mentioned remnrt, fome pimificant narowtern are evnlunted

in the followin~ naremranhs to “atercine wiien would best

> 027979
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\BLE VIT.~~Chemical Parameters For Leachate Analyses
i
Hitrates (ma/L)
Chlorides (mz/1)/
Snecific Conductance (umho/cm)
Total liardness (mg/l1) .
Alkalinity (mn/1 as Ca003)
Aeidity (mm/) ns CnCO3)
B. 0. D, (ma/1)
Iron (me/2)
Orthophosmhrte (me/l)

serve as indicators of a seneral increase in concentration
of various chemicals thnt may be lenched from +the disposal

area,

pi-~it hag been found that vH determination is a
poor indieator. The reason may be because of the large
t""1‘::9chxam,c,rr: of hydrosen~ion concentration needed to show a change
in pH. For instance, well P~2 which exﬁibited 2 noticeable
increase in concenirniion of chloride and other ions showed

only A slight increase in oH,

Mitrates-~nitrate concentration was high in natwral
. ground water of the landfill area Anfl vicinity. As Ritrates
'were reduced to nitrites under aAnaerobic ;onégézons,_a
'mrnduml decline took mlace in most wells about two months
after refuse wngs covered, This reduction is ansumed to be
the result of the annerohic cnvironment that exists nrobably

throuchout the £i1l arca.

'\“) Chlovridns~~*np ghlom te-or Avtrmmination was the

027380
4 33-000318




/“most sensitive parameter used, ngrefore, the chlorude ion

il T SRRINS

igs nertans the most suitable indicator of leach*np from the
réfuse dumm hacnuqe.»;fhlﬂ ensily measured, and is not readi~
1y absorbed by soil formations; is not nltered by biologicé}
processeH, ond considernble cuantities moy bve nresent in
the refuse. ftells P~2, P=7 aAnd P-9, which have continual
recorde during the study neriod, are nlotted dianrammatical-
ly of chloride concentration chanme at samnling veints.
The trend of chloride concentration chanme of P-2 as Figures
16 and 17 indientes n ateady inerease in chloride concentra~
tion, MNo simnificant change in P-7 mnv he due to the topo-
% andi £ el G

graphic effect of hisher niezometrie Aend nt the well site

LWith a dowm grodient flow townrd south west d¢irection to

~ Pigeon Run. Based on about 12 months of water ouality

- analyses of ground water in the lnandfill area, since pround
weter movement is‘fnirly slow, it in hnrd‘to detect any
ﬁater ovality chonme in P-~9 so far, after the comwletion of

refuse dump in Zone I area (Pimare 12).

Specific fonductance-~snecific conductance, which
is indicative of the total concentration of Aissolved ions,
is a valuable tool in camnaring arouns water cunlitles.
Althourh snecific conductanca Moz not inlieate which ions
are present in the semnler, 44 devangtrated relntively

nariced ouality chansee tironms tue 411 2ren. The Long

\w)term trend or raecific candieinpice Ak At Sk water sannles

0217981
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followed the nattern of chloride deta.

Other Parameters--during such a short study period,
the other vmarameters, which are listed in Teble VII, did
not give a good indication of leachate movement. Continuing
studies of chemical nnalyses for at least three more years
is reouired to evaluate their specified characteristics in

repard to leachate contamination And movement.

Water sammles were taken from a few private resi- "
dences alonm U,S, Hishway 13 at the northeast corner about
200 ft from the landfill site. With this distance and
location, the landfill is not exmected to heve any influence

(k)
renorts of hou e qnmnles 1ndlcated no effocu bv »he land-

~3 because of the direction of aAround water movement. Teat
o »

o PO

*1I1 oneratzon so Tar, tream snmnle records of Plﬂeon Run

and its trxbutarmes alno did not, show up any aual:tv change“)

.

-due to the Land£411.

B o)

With the dntn avamlable at uhls moment, somg 1eachate

hes been 1nuroduced 1nto the Fround water which can be de—

eme—— A | o o 5

VIR R e e b

. ~tected by chlorides, 115 mn/l in Februury 1970 inwell P~2,

—rm— S e

“and quclflc conductance, 250 umho/em on Anril 25, ‘1969,
But the levelg of cnntnminnntn are ouite low compared withr-

their hnzardous 1imits of 250 wv/l and 1,700 unho/em,

Rl

resnecti velv (21).

- . 027984

000322
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CHAPTER VI
SUMMARY AMND CONCLUSTONS

VI-l., GEKERAL

1. The wnter balance study for Delaware indicates
that there is a surnlus of water from November to March of
the next year., BEvery January, there is on the average
abhout 9 inches of wnter availnble for pround-water revnlenishe-
ment. This is the mazimum monthly surnlus water for the

~ rear, Thus, special attention must be paid to the selection

Lh”of a sanitary landfill site due 40 this water surolua,

2, Vith regard to the geolopic selection of a land-
i1l site for northern Delaware, the Colunbla formation of
the Coastal Plain, whmch does not exceed 20 ft vith so;l

oy

that contains about 50 nercent sand and amnroximately equal

amounts of clay or silt and hns a relatively impermeable 5'"W

bottom, would be an ideal site for a landfill overation.
The Piedmont Province of the study area is not recommended

‘o

for landfill nrojeats.

3. "ith resnect to the hydrolnmic conditions,

Delaware 19 a humid aren, In low Cnotle County, the

. o 027985




.cxce§sive moisture in a landfill will saturate about 9 f¢

fﬁ‘of refuse each year, §?on after the entire landfill recaches
saturation, the excessive moisture runs down gradient freely
to the underlying around water équifer and thereby pollutes
the gouifer., Hence, the landfill in the study area shouwld
be located at a dischhrqe aone yb&fﬁngggg;gsuua“to_manage

the pol&gﬁ}ggngggp;gg“ﬂhen this. heppens...~

PR

4, IA the onerntional consideration of selecting a
sanitary landfill site, a tovopraohic survey, boring tests
with soil nrofile and ground water eleyn?ion, and ground
water samnles showld be made before starting the operation.
Meanvwhile, field-~test cells are rocommended to be installed
in the county's future land{fill nrojec?s for reliable

&ﬁanhysical and chemicnl informntion collection.

5. -After the comnletion of a landfill, the slove

drainage. Shallow parabolic prass channels with a capacity’

of 10~yr étorm freouency are recommended %o prevent ponding

i
of the fill surface should be at least one percent to assure jg e

and excessive seevame into the fill,

VI~2. TYROUTS CORKIR SAHITARY LANDEILI,

1, In the hydrogeoioric agnect of 1rndfill onera-

tion, Tybouts Corner has nn eanflict with the nrincivles as
el
stated in this norer. ~1;cﬁam'
ol P e

! o " 027986
,3000324




2. The cgefficients of permeability of the study U

™ area ﬂrE.fﬂirlxalPW and it is not expected that simnificant 47 il

N . . l
flow throurh *he soil Tn the nroject area will develop. J

.

3, The chloride ion is the most suitadle indicator , (i

of the concentration of the lemchate,
4, Ynter samnles from test wells in the nroject
area to Febnuiry 1970 tend to bear out that some leachate

has been introduced into the around water. However, the

level of contaminaents is very low commared with the hazard-

ous limits,

5, Teot renarts of water samnles collected from
" the houses adjacent to the landfill site indicated no effect

#29 by the landfill omeration un to Juwly 1970,

6. Upon the comnletion of the filling operation of
the Tybouts Corner Llandfill project, the ground surface of ;

the area is sumzested to be contoured ‘ag shown on Pigure 13
; . !
4

to prohibit inundation.

VI-3, SUGGESTIONS FOR TUTURE USY OF TN SITE

1, After the fill is commleted in accordance with
nrocedures nreviously outtired, ke rific can he utilized
for many worthwhile nurposen, TI% i Saciradle that the

-~

wltipntn use ho jmonn avrent o) ame Qf oy arePer plannang

027981
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can be effectunted in onmerating the sanitary landfill.
Records of what hannens durinm the fill omeration have to

be taken %o adjust the finel decision as to the future plans,

2. In nlanning the use of the site, physical factors
such as the suscentibility to fTlood, %he topographic relief,

and the suosurface conditions must be considered.

3. In terms of over-all community develonment,
with extensive denonits of sand and mravel sultable for use
as construction matarinls, the site might be suited %0 deve~
lovment of an industranl »ark as well as a nark or nlay~
ground, which is by far the mrentest nercentage of how

filled sites are used,

027988
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